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[ » fff It 3< O ig H 1 

1 . *#^n&«»afl¥WJB#£5l!l5£-$-£K»i:, flu IS A * O ffl * to m to ffi IB 

m « * a -r « <5o 3 %tgw itf-^^ix r ^ ^" * ^ -ft § ft * gij r 
- * £ bu ia pj ffi a » ^ ^ f# * a » t , flu ia -r * y* * a- it § ft a? m & w » « x - 
? t ^ & < t & gp ft m iz m # -f •& r -f y^A-ftstifcafc^wr-f-jptt^-f^t 

fPltt^/tfeCTo/^AS^^f ^ ;p • n y b° a - ? t flu IS -f -r H ? )Vit 

a Pfe 6 1 , » ft fc flu IB CO 31 S m & m to T ~ f- & (c & o T ft fc tf IS O 31 3r {i ft: 
raPl$rfe(tl»^fttc. fciV'*ft^ft^ffl^c?)it^^-r^f5iiB3^7cW*^tttc 

4> & < t hmftmizm^ <itiwn xv^&izttLn hKtzffiittomnmtzwtoT 

-^BVi ten LX Mto& W3$ ZtfiJT Z> tifolz ^ ffi IB =f < 'J 9 )V it £ ft 

ft? gij ^ w t - * *» ^ «fc tf ib -r -f v 9 )v it £ ft it m. ¥ w r - f - x ^ 
^^ftw^^tsaisfrs^yeA — ^T^-sanfc , mmmtom tot* & izm 

HiSiia^SrfSffi-r&aPg^ , r r ^ '^Wt £ ft £ mi IE 3 # S ft 1M£ t - ? t , 
K ffi 3 ft flu IE g A 34 «S * t , # 6 ft fz ffi IE * O % fit ffi B t ir h , H Ji co * fi -f 

^mtommffif&ft* $ * ? j±wmmjEmR&ii~t $> x a t . f ^ s> 9 )v it $ ft tz 
^Rth^fianifc . fr ib m ft ia it a p§ o is * t n a -r s « m ^ w fg $■ » ^ o 

Wftllj^lS^ffiLflSSiJftHl^-^^JK^&aBf: , flu IB IS It S ft S ft ffi fi)c * * * 
^-S^x^A#f4^iE^i*ffB!c^-^J; 3 flu IB flfl «f « # fc: # 4 ft £ fa IB « >f 
ffi fflf $g t ^ -5 T flu IB m M £ )t ^ -t 5 ft (c ffi « 3^ M » tH t # § flu IB M W ft -f- 1 IE 

*toi&3. L^^&&9iz&%tom%ms^ &fz&to# j±mm^]Em£&Mm. 

-? h ^rffi . 

2 . m i ii ib ft # ffi t ^ r , flu ib ft #* t m m a ± v ± r » w l , ^ ^ flu 
ie A* M M ffi a n *« , « # ^ t m * m ffi -t & a P*a fc t , * ft c i o t o ^ 

c7) x ^ ^'^^^§ft3tx-^^±)jg-fl»afe b fc, jft#<OTW»*iJ:tX±«»t 



(3) #^8-5 08 1 74 

fr IB r ^ y ? ^ ft $ fx T IS m tt r - * A» ^> T IS # fS T - f - tt £ 3 y tf * - * 
fc *T L T * £ IS JO -f -5. fc ft iz m IE * J» tt r - 9 t m I E » 6 ft fc T tt # » T - * 

«t*»fet ^^isfii^fisgiijf ts. fir ib -fi m . 
3 . ss 1 3i * tt m 2 jm tz ib m co u m t & ^ t , m ib t - + m « * # a a nr ^ - 

» mi IE 7* -f ^ * ^ ft S fc » M ¥ W » t - * te * ^ t ft I* * Jg ft S a ffi t , 

if iS, T a ft L it T - f - » tt 3f g £ £ Jt -T a £ ft fc ft X ft CO IS It « * ffi J; 0 

ta ib m m «■ if t -r s a nr t etu *»o«fiESjatfl[«*»&«p»tjj:t^«rE 
s ft m * * asfe it a » # fi ib r - * tt * s ^ t >> % < t h^ftrntzm-j^xftb 

it h „ lu IB "£r ffi o 

4. il 1 31 A ^ tt I? 2 if IE a£ <0 * ffi £ ^ T . nye^-^^^OT-f-^ 

«J8StJ: 0 mr IB m t> ti fc T - f - ffi? tt * r <r ^* ? /W:: SI ^ -f & a F§ i: , - M co 
sa«SMW*/^^Ma DtulET-^^tt^rg^Sr-f'^ y?/H;«StSg 

^ ^ s 5g a i® a* . m ib -t r ^ >- h * 33 «t y ■ -fe ^ ■ > > t * s * ^ » t t tfr ib m m 

tS4f Sftft«-a»i(ir^Ct6SBt , «T IE ^ te fc JE S L T m IB IS It 3 *i 
¥ S M IB K ft £ HI ft fc -f -6 a Pe 6 1 & , m IB ^ ffi . 

5 . m i m & tz tt m 2 t ib m <r> a m t & -c , mr ie an & a 1^ # a # «o a s* « 
fttsgPi^L. j&» o iu ib * w l t * a * k m co m m * m <r> u a <r> x * v 

9 )V m tf; % m IE -t a V 9 iv ft L it m \% m r - 9 a i. V $ W ^ H r - ^ ^ f# a 

a t , fr ie r 9 )v ft § ti it f - ^ t * co m ie # n * * fr IE r -f ^ ^ * 

*^3&^*co^^fiMSrfti:-ri.ai^i: ^tc*t. o mi IB ft M- § ^ /i ^ Jj£ 
I j&* # t t ft g £ fi ^ fi W -T a . If IB ffi „ 
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6 . S5flfSl«jat^V^T, ffi f& co B * t: £f L T Iff IE 4 L^tSItJ 

fir £ It * -T h S l?f t , Iff IB It » $ ft tz ft i t ^ # S S tt J> iS. co IB ft £ ^ f & & 
P§ i: „ A m co a co a co co ffl A r - ? * IB g -f 4 IS P9 t . Iff IB St $ ft tz ft i L v> 

* a * m u ffi & iff ib fl a x - * a w ii s •£ h is @ t , iff ib w * iz m *s x & # * 
»B»ic*iiitiaBi: , mmmmmcomm^n tftt l h m m * m * & co t& it 
«iB»&^«-rsaiefc . * § & t * -f i iff ib * a . 

7 . £ 1 31 £ {4 m 2 Jf £ IB a O U m t £ T , Iff IB ^ M IS It IS W ifi m CD B « 

co -r - * *» 6 s ft e a ^ ?~ m a. * t is it -r & & ib * * l , *»o»^ffi«^^»js 

ft * fx * fi cr> m co m m iz m & •? & a 7 ' 3t m * t . o iff ib m m m * & e 
*» is it § ft * iff ib m m m a y ^ « $ * t= ^ & < t t & * « t & 0 t m w m * £ * 

Jfci-4«»**L, s6» o Iff IB iS * « it IS IB s&» IS ff $ 3ft ft: Iff IE IE « ^ 7 ffi Jfi * t SE 

. Iff IB ?s «, 

s . m i m * ft: <± m 2 jbc ib « <r> -h m 1 1> u r , m # o ^ ^ -f ti co ± « m gp # 

t T fl & 35 * b co « ^ «■ § 1$ SO -T s g l?f k , «**HJtJtfiL{Ifc*4i*UrE»«)T 

m m co mm m h m 3iM co ±mm co m t v co mminm i ^ co ^ co co m i,z 

;P ft £ ft ft: Iff IE r - ^ 3&» 6 It HC L T PI B S ft ft: A A S tt [Eg RE ft M ~T S S B t , 
lffIB^^^H^^ft^ftc0±fcj;VTc0ffiHrt^B*^±A*J3j;V'TA#c0^ 

)SfiI*IHt4aBJ: . *$^tc*-r§l5IB^ffi. 

9 . as 1 m t tz i± m 2 if ib m co & c *5 ^ x , a # o * £ *» ^ co * m « r B i m 
z'ft&tz friz vit^cD km w comco m t <o mm co nt * t# s ft: ft tc » a ts a 

ft Iff IE « ^ tt r - * £ « # co ^ *f in co fl co * co a m co ± co U * o * {c tj tt ^> 

RMM^ffico#fccoft®<50^P^^#^ft:fttc^ft^ai^§ftl»^S*#co 1 o co 
§1 co ft co 33 ffl co ± co fi B £ r -f v ^ ^ ^ ft S ft Iff IB T - ^ * 5 ^ It » h g t , 
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co * izmM £ a ss -r h ft ft izm % § ft ft m ib & s t «e -> t ji « j£ #: & is it 

tSSBt, £ * S m IB * & . 

10 . j£ # 1 2 CO P R 1 8 ft? gtj ^ W ® =K 2 0 — 2 4 * 3PJ 5£ L , L T -f ft (C 
i "3 A # co IB * cr> $ ft £ ft -r 3 & 7C W ft -r - ^ Sr ffi x. ft t ' -f ^' ? ;Mfc 3 
tl!t»9J?«f ttf-^ 2 6 SJtftOgf 3 0 , 3 0 a s 3 3, 4 3. 5 

0 . 5 7 fc , -r a i> 9 )V ft § ft ft m IE m S»J ^ ft » « x - * 'J? =5: < t ft -f -6 

r * * /Kb $ ft ft r - f - ffi ^ ^ r a- * ?# a ft ft t m m tz 7 d y 9 A $ ft ft f 4 

* /P- • =t y t? a - ^ 3 0 b T r 4 ^* ^ )V ft £ ft ft m IB 7 s - ? 2 6i^i«Wf 
£fT-^7F;?*£*§SftftCK ^o#^ft^BUlBaSlS9ft^r-^^«^ ft o T ft 

£*ra<oa^:&{i£raiH£&frti>ftftic&j:i^ft^^ 

3 & 7c W ft B « f 1 ' - * t >> % < b i*^<&BfcJ:tf#fitf#^ftftMlS3&W 
ft $f T - ^ fc: *f L ft co & S i. If Jj ii £ 5£ ft 5 ft * C # ft ft: m K f-* 4 y ? 

;p ft § ft ft x - * 2 6 & ± » £> ft ft lr IE x -f ^ * ^ ft § ft ft r - ^ B 4£ *» £> ft 

c05Sf£ftB£#&ftftco. ^off)IStts!oTSit$ftft^x^A^mAi#^ftft 
^ ? )V ft § ft ft ft m « -r - * fc K S $ ft ft S ft a IS t # h ft ft M IE ft ^ ffi X 

K4 2 ^ffifStftW, T n ^ 7 A ^ B £ fi ft r a 'J 9 )V ■ a y h° a - ? 3 
0 b s 3 0 c fc , §aft$ftfti!UEM«J&ft£fi^ft§§A£M-t & «t a tc la IE 

it. ^-r&^x^ft^siiESJigjtiia, 
ii. m i o inmmcommtzti^x . m ie « m m m 3 s & . t aca^^i, 7^ 

+ »«W»«#fc:JGStT*^»»JtjEr-'f-V>f^tr»6 9 SrfMffllSftftJfiJtf 
tf)£t4fcft«SI6 6 — 7 1 £fix.ftT-f-y^ J r^B)c«4 0 t , tulEfi-^ 
m IE T - f - v 4" A* ffs ^ m iz M ^ ft & n# m IB f£ « *« ffl « <o A # P JB 1 8 co j* 

§y^w^^ts-^-r-i.^x^Aft?4*SiEr-f- , 74 j r6 4 £ ft£ ^ -r h i a cf-( 

^ ^ ;k • T - f - T7 4 -V -r - 9 te JiC § L T V 4 -V fl? ©J » ft * * % ^ 4 ft ft 
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12. mi i m ib m ft m b c & u t , ft ti ft tu i e r ^ >> ^ • r - * v * ■v 

« t* - * & , # ^ ft ft m IE ^* ? A- ■ r-*!7>f-V»tt7*-*<o*Sj£#fcH 
ItS7^If-^t. ft 1u IB -r 4 ^' * ^ ■ T-f-^-f-ViBtf-r-*^ 

»iS£ji>t:iat^7^Sif-^tJtL, o « IB 8 ft A * li fir IB A § jft 

# ft m m X h *) , *» o m IB v -Y -v ^ « N ff ft # # , lit IB «7 4" ^ * -f - * £ a A v 

-f^ttit&sijfflifi-f-fc. m ib v 4 n ft t - * £ ffl a v 4 ■v » ft m m ■* t s- w l 

. ^-?iie7n/7Agg* 4 \ ffj IB V 4 -V fft tt M M ft ^ £ % £ it 4 ft: ft ft SI ■ k 
glt^ll, o ffi IB T - -f V 4 -V ft bSc ffll 4 0 # , WSBV>f-V«»M*IS-9-fc: 

fc^Lxmrn-mmmiET-^y j ^wwe 9 zmj; r&i t « & if- s tub <r> mm e s 

t . H?IEV-f-^}«ft§lJiaift^KK^:LT*>OHalBr-^V-f^«^6 9 ^ f£ i& k 
HSBLTMiav^^ft^^ie 8 J; Oft&Sft&mrtBT-^^^^me 9 & 

*2ffa ft ftft^lK7 o t JttJ , tu IB a m . 

13. f£ 3 3 II — II 4 0 II ^ tl IE fj ft S K t £ ^ T , HfTlB*jt«M3 8 

# . K iS ft ft ft * ft ± fc 7" 9 7" .y h • 7" 9 V 7 8 0 Sr K "9 ft it h ft ft ft £ I Sr 
f«ittt^*-^f 7 3 ^i«^5l7 hff)S8l3 9 fc , ft y 5 7" <y 

h • ^ - x cam K* n i? mm tzm l x m n z tiK b & ^ & <Q m z ^ ^- & 7 ? -y r- 

^ffRt^/tftC, fff IB * - ^ ¥ 7 3 9 ft ft 6 2x ft m IB f 7 *r >y h • /5> 

7 8 o ^^itstft«gi7 7 *mz. mMmmm^rizm^Lx ^tnzm^ti 
h m m m w ft # fc je s t t me * - ;p ^ 7 3ti!^fttiiif^7^7 h • 

>^ 8 0 ft 4- & < t t, 1 O^ai^lSf 5fcftWil 7 5 — 7 7 fc ^ * "T S . 

tlT IB ^ ■ . 

14 . 1 3 IM IE K ft ^ B t> T , * ft is ft ft *f M M Sr S ft ^> ffl & ¥ =3: 
± H ffl tJ J: T W H & * L . j&» o it ft is ft *3 ft * li W i m ft h m IB 7' y *r -v b 

■ ^-xtstia^^^isggp^f^-xsrirL, *»o 7" 7 7- -y h ft k ft tt m ffl 

fcJ:tfiHaM£#*LT*L. *» o » ± § ft « M M ffl ft # wi IB JR ft (t H ffl fc 
*T L X m IB It » $ ti ft ?» fi m J: lu IB It * $ ft ft M fi S ft M 8 0 b IttSt 
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9 ^ -y h Z ftf£^ & tzbb izm Sift f&mW;7 5-7 7 tc m IB :/ 5 ^ >y t- ■ 7 7 v 9 
8 0£mmZ-&&tiisb<r)mMfflffl-Gi^Z1§.^. o ft ii <0 7" 9 y . y b co Ir IB 

180 b ^ ± fr ib 9 ^ v h a» ix d ft ft ^ tt & ^ & ft iz m m t x % x ^ a 
ft m ib m m m m m ^ tfi it % £ ti ft tu ie m m m m co m z ^ -t h y ~> *r v b £ ft $l -t 

h tz nb lz m IB ft $1 W. iz m IE 7 9 y . 7 >. - /7y?8 OS^f JtStfc^ii 

15. si of- ni4Jic?)vi-rn* i tiEtKco^a(.ci3v>T. mr ib * - a- r 7 3 

J; V m IE # S ■ 7 5 — 7 7 > V 7 2 izM*) ttll t>ti. o tu IE x ? y 

R 2£2fLTisJ:t/fiirieff(£SM7 5 — 7 7 M L T iff IE * - 4- 7 3 co £r J£ 
*ffi*£ftS!tfc«8!74 2: . tuIESiJPft-i-tJ[E^tTf5IBX^^K7 2 Izft 
LX & £l/mM*- Jl- ? 7 3 iztt LX iff IE J£ ^ S S 7 7&Mjt^Kj£H±&ft#>co 
11 7 5 , 7 6t*$A>^*^-^.,BirIES«, 

a* » a # so is co ± fc # x ^ a is m m je m m co a a & m & &t: toco 

iS8 1 t . ^flKM^ft&fflfiP'fl-Sj-fcjEigLT f£ j£ W £f CO 9 8 3 cO 
affl«o^»*K^t4fcft«ill8 1 fc , £ fl ;t ft f^JjJc « 4 1 HU A 1 o 

HtT IE ill 5e H S 3 0 , 3 0 a s 3 3, 4 3 , 5 0, 5 7 A«S*1 2«f«f ««f 

* * ;p it § ft ft IE M ti «t V ft co a ffi ± co m M m m & co ft B IB » tz M t h ffi S 
^^/MbSftftfBiifefcWii&^Sftdbc^BfcWL, o M IB T a 7 ~> A £g 
■ tf s r ^ 5> * ^ 1 t § ft ft ft ^ 4^ IB m £ ¥ < *J 9 >V it § ti tz m $S IE » k ipt> , 

ft <D ft S 60 « m m co # M co gfl 4J- K S ^ "T £ 7" BE X * ffl Sr S * *» o ft (D m IB ® 

* m 1 1? ie ?h ffli a ffi co m m co 3 ft & * ^ £ 60 1 m t e a & m ib ^ y m ■ a a 

t , j&» o m IB % i ^ S ifi m IB ff ff $ ft: K ^ v> i? ? 8 2 * ft m t h 

ft ib co mm mmfo^zm.o mm m wm^z %±-t £fty> co mm* *-r h » wibs 
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[ % m cd m m & m m \ 

* » m a « m z 1 1- m m m ie ^ m co m it , m m. r tf m m a m t= m l , » t= « * 

n -f s . 
% bj! o a 5 

X'fo&. 2^cr>Mn~^<Dm , ± II O ft co ft ?ij ^ R V T ffi co * CO it ?U ^ , ti ft 31 -f 
=Sr *> a & W ffi a "C ti M fit ¥ ±a fc L < it M ft ± ft # K S ^ H ffi £ n tf ft •§» ffl 

t & v -5 t m m ft n n co m t s m t & . 
a » e<j fi s tc + # ja < & ^ ft w *r ie *■ m -t & fc^BTS*tfc*#o?&8!t« 

^r^'felfflWClSWfil^jfi^ftS i 3 fc IS It $ ft tz it ± tf M ■ £ # ^ T V> & 
. ffl ?S 8? tz it a fit « IE ft H B 36* ft 3 H < o Hp co ft ^ co S « co <o -f ft 2: £ ffi ffl L 
tfcl.S^li>t; t # * ft . P IB £h £f IS tc ± 5 * ^> ft O ft ft ^ A # « ffi <0 ¥ 

ft ± tf *s s T ti . ffi ie » ?4 m it a % co ft ^\ m m , -t^hib i m^mMc. ^st 

tfc:lia»*fc:Sf*S5*MS*»<, L < i4 ft co 0 D ^' > V Z H € -f § i fc <t 0 
ft ^ =7 *r V * W. *) ft ft 4 £ £ i ft h . IS*/7t7 h ic U M ^ £ 31 
» fr'i (t ft T S . ttC-oolSStTtC-owllisilti^tV^ . 

ft tt m m it 7 "7 *r -y hJfrLttlfiSgiL, ft t 7J £ fln i. T IE ft m E 
# x. 4 ft ± if fi a ^ 1*1 ft T ¥ tx # W i> L < ti HI K $ -tt 4 . 

ft f4 « ie s n o r it a V s m m iz & ^ -c. mm w t s it § ft jr o ft ft 6 ft tz m m 
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mjEmmte? 7 5- -v b com* ^-ibmmZ tlfzM.M$:WilDlz i gt,f GLWb LI 

o i± _t if & a -c «± , a s w t is ft $ n $ m co m h i* ti a ± 3* tt ^ j# * -r » t 

J; 9 Sfrff & tit n 4 . 

T IS It & K # $ ix X V* 4 d fc T ft 4 . -e CO Jfc #> , IE w T4 E ti «f J£ co A * t ^ 
® & to iz m l> i£ ^ IS It co 7 ~> *r -v h RVWiM t & hti 4 iO^isU^ &m 

ft w- zmizb h zmmmmx- % 4 # . & m co ?& m j§ n t & *t 4 ft ie t> ji ft & a & 

„ i co ft IE 14 7" 5 ^ v h « 25 81 t H d J£ £ t 4 Z t l> ft 4 ifi . -IKWtiittt 

T > Jft # CO » Se 14 *fi IE IS ?4 E # ; A # co ^ S? co M ft £ S ffi L . il » K tt £ » ft 4 
iitl'), »ft*?li3SELTttt=;!W;b4:a£1$jE > $-4.ri:fc:«fc9, iSWiii 

4 . * co m A . »J*#*ttfc*a»il-fcSftT^**^fc*#l4#K*MraJ:9 
i> H < 8? § it 6 ft 4 Z t W ft 4 . ?(»(:, ^ IE « f4 E ^ ;rS 8? £ PUS 4 co t ^ 
-f-4l^lBU4S^tfl£jE-f4^S***v^*&^<?Dl8tflSfc:^r4C: t ifi ft 4 . L A* o T 
. ffi IE « ^ E 14 ^ ^ co jSl # L jfi 9! ~T 4 <I fc f *f ^«E*?f E«j&« n 

x h # S < 4 „ 

, 7'7tv t i4 * t m m § ti & m te & jr o # ft x m s s as s n 4 . ztuzmv 

T IE >S ^ ■ tc ft 4 B# k fr ft , fll IE « f4 E (4 ft co ft ± ff G S if i f ft ± (f {4 
B ^ # £ W -T f- ti t" i ^ 7" ? *r ■•/ h Sr ffi S -T ^ # t ^ d il ± B^J =3: M il t L ^ 
* . gim^4 •9*S&fcffiffltT«coa?tf'io(tl.ir-x^{e)t^-|>fcAfc. K 
IE it m E f4 7' 7 >r -y N StXH J A frt i L t II L t in L L 5r 6 , ft 

•T 4 £ fc ft 4 . 



(10) #^¥8-5 08 1 74 

mnwnwtt±if&wnmi£izmM~t & z t jfimm% &t $> z> . it m. m iz . » je 

ft ^ E tt JS # c7) P o ^ x /l- £ ft 0 s tf/H^XltJ; t ft _t (f ffi B ^ ft £ 16 
» A SB A # M 5£ $ a S . H US ± , *#^teSf{i#<«0»-&^t^f:^aJ:OliSffi 

n ffl « * a a & a h ft & v n n -ft » a is it ft * a* * ^ fc at m sp a a v -? - * 
t return izmm-t & Ah ^ & & . &xm#*mmjE»&&v & *fBtft&me>&m 

E-P-A 0 5 0 2 2 2 7 Clil^flifl^f/^ffiffl LT-^<7)|fef|5S:^7E 

^ >f ^ h 'J li 7" 5 -y h fc S S L B# <9 SE H ** S a W fc: is ^ T SI « to It 
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*^744li3>-ea-^3 0 CDHffi 3 5 ±.lZ7' 7 y ■< >y 7 4 * — is =T 4 7.7 V 

^ 4 Sltl^L, ^'O/-^ 2 8lifilft»/y 7 HG_(14 AH) £ f ij ffl L T 
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•t & z t iz x o mcoj^^y * — 9 ZMfe-t h z . Lti& t * com&z 

3 y b° jl - ^ 3 0 ^ r ■ i> 9 )V A 7J -t h Z h . 

*^t^g^0*^SCT^0M^K«3 8iiTte^0t>^^-i■^T•v^ o b < - X 
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£ . £ Kf 7' 5 ^ •/ b 7 2 bcOTMSWCfilg IB 7 5 & l>' 1 ffl 3 ffi CO 31 ^ fi[ g 
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\DAfi [FIG.2E] 




400 -t&z:^mm 



SXf} [FIG.2H] 



500 





yav-f—i^X t) [FIG.2I] 



FIG. 2A 











200 
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1 _ 


300 




r-?Atl [FIG.2G] | 








A 



1 1 99 

EXIT 





600 
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I 700 


Jt&mmfrffi [fig.2K] 








T$CT#Efi [FIG.2L] 






900 
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1100 
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T^MM [FIG.2P] 






[FIG.2Q] 
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[FIG.2U] 





1800 ^^yhES^^lSff [FIG.2V] 



FIG. 2C 





^| 3000 z? : ?'TvhMV)&ftZT«jzf [FIG.2XJ 




3999 

EXIT 
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FIG. 2D 
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II 

120 

ASSIGN PATIENT ID # 



!! 

125 

FORMAT FLOPPY DISK 



FIG. 2E 



® 
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TREATMENT 
INFORMATION, 
INPUT 



205 

INPUT PATIENT AGE 



210 

IN PUT PATIENT SEX 



215 

INPUT PATIENT RACE 



220 

INPUT WHETHER EXTRACTION 

REQUIRED 



NO 



.EXTRACT 
'YES 



INPUT WHICH 
TEETH 





r i 




225 

INPUT OCCLUSION TYPE 
CUSPID RISE OR GROUP FUNCTION 







PRESERVE 
YES" 



NO 



235 

ENTER WHETHER 
MULTILATED 
CCLUSION 



EMTER 
MAXIMUM 
ALLOWED 



m 

INPUT WHETHER 
STEINER TECHNIQUE 



245 

SELECT LATERAL INSET 

ROTH OR RICKETTS 



250 

INPUT LATERAL OVERBITE 
ROTH OR ANDREWS 



255 

SELECT SLOT SIZE 
3" OR .021 

X 

m 

SELECT LABIAL OR 
INGUAL APPLIANCE 



265 

IMPOSE SYMMETRY! 



225 

INPUT OCCLUSION TYPE 
GROUP OR CUSPID RISE 



230 

INPUT WHETHER TO 
PRESERVE 1NTERCUSPID, 
DISTANCE 



270 ENTER 
INTERINCISAL ANGLE NORM 
ANDREWS, FACIAL AXIS, 
RICKETTS OR ELAN 



275 

ENTER WHETHER 
OVERCORRECTION 



FIG. 2F 
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300 

MANDIBULAR 
BONE DATA 
INPUT 



305 

INPUT GRAPHICS 
IMAGE 

310 

DVERLAY GRID. 



RESIZE AND ORIENT 
IMAGE ON GRID 



320 

FOR EACH TOOTH, 
PROMPT FOR MESIAL AND 
DISTAL CONTACT POINTS 




324 
NEXT TOOTH 



321 

DIGITIZE MESIAL 
IONTACT POIN" 



322 

DIGITIZE DISTAL 
CONTACT POINT 



NO 



2Z3 
LAST 
TOOTH 

,9. 

YES 



CALCULATE 
TOOTH WIDTHS 



i 



330 

PROMPT FOR EACH GRID LINE 
BONE BOUNDARY INTERSECTION 



331 

DIGITIZE BONE 
BOUNDARY POINT, 



334 

NEXT TOOTH 



332 
LAST 
TOOTH 



335 

CALCULATE BONE WIDTHS 
AND MIDPOINTS ON GRID 



YES 



341 

SYMMETRICAUZE 
RIGHT TO LEFT 



540 
MAKE 
.SYMMETRICAL 

7 



NO 



345 

CALCULATE CUBIC 
SPLINE EQUATION 
FIG. 2W 



i 



350 

CONVERT SPLINE TO 
CIRCLE EQUATIOM 
FIG. 2W 



360 

PROMPT FOR 
CUSPID TIPS 



361 
DIGITIZE 
CUSPID TIPS. 



PROMPT FOR Fl RST MOLAR 
MESIO-BUCCAL CUSP TIPS 



371 

DIGITIZE BUCCAL 
CUSP TIPS 



375 

CALCULATE MOLAR 
CUSP DISTANCE 




FIG. 2G 
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400 

MAXILLARY 
PLAN DATA 
INPUT 



500 

TOOTH 
PROFILE 
INPUT 



405 

INPUT GRAPHICS 
IMAGE 



505 

FOR EACH TOOTH 
PROMPT FOR WHETHER 
RIDGES ARE EXCESSIVE 



420 

FOR EACH TOOTH, 
PROMPT FOR MESIAL AND 
DISTAL CONTACT POINTS 




506 

ENTER WHETHER 
RIDGES EXCESSIVE, 



421 

DIGITIZE MESIAL 
ONTACT POI 



510 

PROMPT FOR TRACE 



424 
NEXT TOOTH 



511 

BEGIN TRACE 



422 

DIGITIZE DISTAL 
CONTACT POINT 



START DIGITIZATION RATE CLOCK 

CONFIGURE PORT 
DIGITIZE POINTS AT CLOCK RATE 



NO 



LAST 

TOOTH 
t. 

YES 



425 
CALCULATE 

TOOTH WIDTHS 



I 



430 

PROMPT FOR FIRST 

MOLAR CENTRAL FOSSAE 



431 
DIGITIZE 
.CENTRAL FOSSAE 



435 
CALCULATE 
INTERFOSSAE 
DISTANCE 



FIG. 2 H 





YES 



FIG. 2 I 
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600 

TOOTH 
PROFILE 
ANALYSIS 





RECALL INDIVIDUAL TOOTH 
PROFILE TO SCREEN 



613 
NEXT POINT 



613 
NEXT POINT 




NO 

614 
POINT=P4 

YES 



615 

CONSTRUCT CROWN LONG AXIS 



r 




RETRIEVE PATIENT DATA, LOOKUP 
TABLE, DETERNIME AXIS INCLINATION 



1 



625 

ROTATE TOOTH PROFILE TO 
CALCULATED AXIS INCLINATION 



I 



630 

DETERMINE FACIAL ASPECT 



645 

NEXT TOOTH 



NO 




FIG2J 



640 

CALCULATE ADDITIONAL 
PARAMETERS: IC, MRE, ... 



L-4 699 ] 
V^EXIT/ 
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700 

CUSPID 
RISE 

ANALYSIS 



705 

FOR EACH MAXILLARY 
BICUSPID AND MOLAR: 



I 



707 

CALCULATE VERTICAL DISTANCE 
FROM POINT 3 TO MARGINAL RIDGE 



709 
NEXT TOOTH 



NO ^-"708 

LAST TOOTH 

n _ 

YES 



710 

FOR EACH TOOTH: 



I 



711 

ASSIGN RISE CLEARANCE 
FACTOR TO EACH TOOTH 



i 



715 

MULTIPLY BUCCAL CUSP 

HEIGHT BY RISE FACTOR 



718 
NEXT TOOTH 



MO 



717 

LAST TOOTH. 

_? 

YES 



719 

SELECT LARGEST 
FOR CLEARANCE 



720 

CUSPID RISE 
.OCCLUSli 

_ f 

YES 



NO (GROUP FUNCTION) 



721 

MODIFY RISE FACTOR 



I 



725 

CALCULATE OVERLAP 
PER OCCLUSION METHOD 



FIG. 2K 
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MANDIBULAR 
PLACEMENT 

ANALYSIS 



801 
CALCULATE 
FINISH VERTICAL 
POSITIONS OF 
MANDIBULAR 
TEETH 



805 

DETERMINE CROWN HEIGHT 
OF TALLEST MANDIBULAR TOOTH 



810 

PICK HORIZONTAL REFERENCE PLANE THROUGH 
GINGIVAL CENTER POINT OF TALLEST TOOTH 



I 



811 

ESTABLISH HORIZONTAL CUSP TIP PLANE 
THROUGH CUSP TIP OF TALLEST TOOTH 



812 

ESTABLISH CUSPID RISE PLANE 
ABOVE CUSP TIP PLANE 



818 
NEXT TOOTH 







821 

CALCULATE 

FINISH 
HORIZONTAL 
POSITIONS OF 
MANDIBULAR 
TEETH 




815 

EACH TOOTH 
I 



816 

CALCULATE VERTICAL POSITIONS OF TEETH 
TO PLACE TIPS ON CUSP TIP PLANE 



820 

CALCULATE VERTICAL POSITIONS OF CUSPIDS 
TO PLACE TIPS ON CUSPID RISE PLANE 

I 




826 

FROM CROWN LONG AXIS INCLINATION AND 
CROWN HEIGHT, DETERMINE OF HORIZONTAL 
OFFSET OF TOOTH TIP FROM GCP 



82B 

NEXT TOOTH 




830 

USE INCISAL EDGE 
FOR TIP 



NO X^ 829 
BICUSPID OR 

MOLAR 



YES 



831 

USE MESIO-BUCCAL 
CUSP TIP FOR TIP 



CALCULATE INTERSECTION OF CLA WITH REFERENCE PLANE 



34B 

OTHER SIDE 



840 
EACH SIDE 

I 



EACH TOOTH, CENTRAL FIRST 



YES 

~847~ 
FIRST SIDE 




846 
NEXT TOOTH 



NO 

'MS 
,ST T0OT1 
? 



I 



842 

PLACE MTPP ON TROUGH 
EQUATION [FIG. 2W] 

I 



FIG. 2L 
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BEST FIT 
EQUATION 
ANALYSIS 



FIG. 2M 



905 
MAKE 
SYMMETRICAL 



YES 




906 

AVERAGE TOOTH MIDPOINTS 
RIGHT TO LEFT 



NO 



910 

STATISTICALLY DERIVE 
BEST FiT EQUATION 



I 



915 

CONVERT EQUATION 
TO CIRCLE SEGMENT FORM 




1000 

RECALCULATE 
MANDIBULAR TOOTH 
POSITIONS TO BEST 
FIT EQUATION 




1026 




OTHER SIDE 




4 YES 



1006 

EACH TOOTH, CENTRAL FIRST 



NO 



1025 

IRST SIDI 
n 



1099 
EXIT 



YES 




1007 

PLACE MTPP ON TROUGH EQUATION [FIG. 2W] 



FIG. 2N 
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1100 

MAXILLARY 
PLACEMENT 
ANALYSIS 



1119 
CALCULATE 
INISH VERTICAL' 

POSITDNS OF 
MAXILLARY 
TEETH 



1105 
DERNE 
CONTACT ARCH 
OF MAXILLARY 
ANTERIORS 



1106 I 
CALCULATE OFFSET FROM BEST FIT EQUATION 
TO FACIAL ASPECT OF MANDIBULAR ANTERIORS 



1107 

ADD CLEARANCE 



i 



1108 

CALCULATE MAXILLARY ANTERIOR ARCH FORM 
BY EXPANDING BEST FIT EQUATION BY 
SUM OF OFFSET AND CLEARANCE 



1110 
DEFINE 
ARCH FOR 
MAXILLARY 
POSTERIOR 
TEETH 



1109 

PLACE MAXILLARY ANTERIORS 

ON MAXILLARY ANTERIOR ARCH 



1111 

SET THE CENTRAL GROOVES/MARGINAL RIDGES 
OF BICUSPIDS AND MOLARS ON THE BEST FIT 
(MANDIBULAR BUCCAL CUSP) EQUATION 



1115 
DEFINE 
ARCH FOR 
MAXILLARY 
CUSPIDS 



1116 

CALCULATE THE OFFSET FROM THE CENTRAL 
GROOVE MARGINAL RIDGES OF THE FIRST 
BISCUSPIDS TO THE MESIAL BUCCAL CUSP 



i 



1120 
HAT VERTICAL 
ICLUSION 



1117 

SET CUSPID ARCH ON BUCCAL CUSP 
OF FIRST MAXILLARY BICUSPID 

1118 

PLACE MAXILLARY CUSPIDS 
ON MAXILLARY CUSPID ARCH 



1121 

CALCULATE ROTH 
VERTICAL OCCLUSION 



11 



1122 

CALCULATE RICKETTS 
VERTICAL OCCLUSION 



1123 

CALCULATE ELAN 
VERTICAL OCCLUSION 




1126 

CALCULATE ROTH 
HORIZONTAL OCCLUSION 



11 



11 



1127 

CALCULATE RICKETTS 
HORIZONTAL OCCLUSION 



1128 

CALCULATE ELAN 
HORIZONTAL OCCLUSION 



1 



1235 

CALCULATE OFFSET 
FROM CENTRAL 

GROOVE MARGINAL 
RIDGE OF FIRST 
BICUSPID AND 

OFFSET POSTERIOR 
ARCH BY OFFSET 



I 



1140 

PLACE MAXILLARY 
TEETH ON RESPECTIVE 
ARCHES [FIG. 2W] 



1230 

CALCULATE OFFSET FROM ANTERIOR-ARCH TO INCISAL TIPS 
AND EXPAND ANTERIOR ARCH EQUATION BY OFFSET 




FIG. 2 O 
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1200 

MANDIBULAR 
ARCHWIRE 

PLANE 
DEFINITION 



1300 

MANDIBULAR 

SLOT 
INCLINATION 
DESIGN 



1205 

RECALL MAXILLARY 
VERTICAL OVERLAP 



1305 

FIND INTERSECTION OF 
ARCHWIRE PLANE AND 
TOOTH 



1210 

RECALL POSTERIOR 
BUCCAL CUSP OVERLAP 



i 



1215 

CHOOSE MAXIMUM 
VERTICAL OVERLAP 



1220 

MEASURE DOWN FROM 
OCCLUSAL PLANE BY 
AMOUNT OF OVERLAP 



1225 

ADD CLEARANCE PLUS 
BRACKET HEIGHT 



1310 

DESCRIBE CIRCLES ABOUT 
INTERSCETION TO LOCATE 
TWO SPACED POINTS ON TOOTH 



1315 

FIND COORDINATES OF 
CIRCLE INTERSECTIONS 
WITH TOOTH SURFACE 



1320 

CALCULATE SLOPE OF LINE 
BETWEEN TWO CIRCLE 
INTERSECTION POINTS 



1325 

SUBTRACT 90 DEGREES 
TO DETERMINE SLOPE 
OF ARCHWIRE PLANE 



1299 
EXIT 



139? 
EXIT 



FIG. 2P 



FIG. 2Q 
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1405 

CALCULATE VERTICAL DISTANCE 
FROM INCISAL EDGE TO 
POINT 4 ON CENTRALS 

I 

1410 

DIVIDE SMALLER VERTIACAL 
DISTANCE BY TWO 

I 

1415 

DETERMINE VERTICAL DISTANCE 
FROM POINT 4 TO BUCCAL CUSP 
OF LAST BICUSPID 

1 

1420 

DIVIDE VERTICAL DISTANCE 

BY TWO 



1425 

CALCULATE DISTANCE FROM 
SLOT CENTERLINE TO OCCLUSAL 
PLANE FOR CENTRALS AND BICUSPIDS 



1430 

SUBTRACT DISTANCES AND 
CALCULATE ELEVATION AL CHANGE 




(8 0) #gf8-508174 




1505 

FIND INTERSECTION OF 
ARCHWIRE PLANE AND 
TOOTH 



I 

1510 

DESCRIBE CIRCLES ABOUT 
INTERSCETION TO LOCATE 
TWO SPACED POINTS ON TOOTH 

I 



1515 

FIND COORDINATES OF 
CIRCLE INTERSECTIONS 
WITH TOOTH SURFACE 

1 

1520 

CALCULATE SLOPE OF LINE 
BETWEEN TWO CIRCLE 

INTERSECTION POINTS 



1 

1525 

SUBTRACT 90 DEGREES 
TO DETERMINE SLOPE 
OF ARCHWIRE PLANE 




FIG. 2S 



FIG. 2R 
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1600 

MANDIBULAR 
BRACKET 1N-OUT 

AND ARCHWIRE, 
DESIGN 




1605 
EACH TOOTH 



1606 

FIND CIRCLE SEGMENT OF ARCH EQUATION 
ASSOCIATED WITH INCISAL OR CUSP TIP (ICP) 



i 



1610 

DEFINE VERTICAL PLANE THROUGH TOOTH ICP 
AND BEST FIT ARCH CIRCLE SEGMENT CENTER 



1615 

IN PLANE, CALCULATE PYTHAGORIAN 
DISTANCE (PD) FROM SEGMENT CENTER TO ICP 



1620 

IN PLANE, DEFINE LINE 
NORMAL TO PD THROUGH ICP 



1625 

IN PLANE, DETERMINE INTERSECTION OF 
NORMAL LINE (NL) TO ARCHWIRE PLANE 



X 



1630 

IN PLANE, CALCULATE RADIAL DISTANCE 
(XD) FROM NL TO LABIAL SU RFACE OF TOOTH 



1660 

AVERAGE SIDES FOR 
SYMMETRICAL WIRE 



2 



1665 

DETERMINE SMOOTHEST CURVE 



I 



1666 

COMPUTE CUBIC SPLINE 
EQUATION [FIG. 2W] 



1667 
ANY 
INFLECTION 

POINTS 

NO~ 



YES 



1670 
EACH TOOTH 



I 



1672 

DETERMINE INTERSECTION OF 
TOOTH ICP RADIUS AND CURVE 



1635 

CALCULATE MINIMUM ARCHWIRE RADIUS AS 
PD+XD+CLOSEST WIRE SPACING FROM TOOTH 



1640 

SIMILARLY CALCULATEMAXIMUM RADIUS 



1645 

CALCULATE COORDINATES AT MAXIMUM 
AND MINIMUM RADII IN ARCHWIRE PLANE 



J. 



1650 

CALCULATE MIDPOINT BETWEEN 
MAXIMUM AND MINIMUM POINTS 

1655 

last tooth 
yes""* 




I 



1675 

DETERMINE SLOT IN-OUT 
DIMENSION FOR TOOTH 



16S0 
LAST TOOTH. 

YES* 



NO 



1685 

CONVERT SPUNE EQUATION TO 
CIRCLE SEGMENT EQUATION (FIG. 2Z 



I 



1690 

CONVERT CIRCLE SEGMENTS TO 
LINEAR DISTANCE MOVES FOR NC 



1699 
EXIT. 



FIG. 2T 
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1700 

MAXILLARY 
BRACKET IN-OUT 
AND ARCHWIRE 
DESIGN 



1705 
EACH TOOTH 

t 




1768 

CHOOSE LOGICAL BRACKET REPLACEMENT 



1706 



FIND CIRCLE SEGMENT OF ARCH EQUATION 
ASSOCIATED WITH INCISAL OR CUSP TP (ICP) 



1710 

DEFINE VERTICAL PLANE THROUGH TOOTH ICP 
AND BEST FIT ARCH CIRCLE SEGMENT CENTER 



1715 

IN PLANE, CALCULATE PYTHAGORIAN 
DISTANCE (PD) FROM SEGMENT CENTER TO ICP 



I 



1720 

IN PLANE, DEFINE LINE 
NORMAL TO PD THROUGH ICP 



I 



1725 

IN PLANE, DETERMINE INTERSECTION OF 
LINE NL TO RELEVANT ARCHWIRE PLANE 



I 



1730 

IN PLANE, CALCULATE RADIAL DISTANCE 
(XD) FROM NL TO LABIAL SURFACE OF TOOTH 



I 



1735 

CALCULATE MINIMUM ARCHWIRE RADIUS AS 
PD+XD+CLOSEST WIRE SPACING FROM TOOTH 



I 



1740 

SIMILARLY CALCULATE MAXIMUM RADIUS 



I 



1745 

CALCULATE COORDINATES AT MAXIMUM 
AND MINIMUM RADII IN ARCHWIRE PLANE 



i 



1750 

CALCULATE MIDPOINT BETWEEN 
MAXIMUM AND MINIMUM POINTS 



1755 

LAST TOOTH 
? 

YES* 



1760 

AVERAGE SIDES FOR 
SYMMETRICAL WIRE 



1765 

DETERMINE SMOOTHEST CURVE 

i : 



1766 

COMPUTE CUBIC SPLINE 
EQUATION fFIG. 2WI 




1772 

DETERMINE INTERSECTION OF 
TOOTH ICP RADIUS AND CURVE 




1775 

DETERMINE SLOT IN-OUT 
DIMENSION FOR TOOTH 




1785 

CONVERT SPLINE EQUATION TO 
CIRCLE SEGMENT EQUATION (FIG 2W) 



k 



1790 

CONVERT CIRCLE SEGMENTS TO 
LINEAR DISTANCE MOVES FOR NC 



179ff 

:xit 



FIG. 2U 
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1800 

PLACEMENT 
JIG DESIGN 
STEP 



1810 

READ TOOTH PROFILES FROM STEP (500) AND 
(OPTIONAL) COMTOURS FROM STEPS (300) AND <4O0) 



1815 

READ ARCHWIRE PLANE AND INTERSECTION WITH PROFILE FROM 

STEPS (1200) AND fHOO) 



1825 

READ SLOT IN-OUT DIMENSION FROM STEPS (1600) AND (1700) 



1 



1830 

READ BRACKET TYPE FROM STEPS (3000)AND 
LOOK- UP BRACKET DIMENTIONS 



T 



1835 

READ WIRE DATA FROM PERSCRIPTION AND STEP (3200) 



I 



1840 

INPUT TOOL DIMENSION DATA AND SET CLEARANCES 



I 



1845 
EACH TOOTH 



I 



1850 

COMBINE DATA FROM ABOVE AND 
GENERATE TOOL PATH EQUATIONS 




m — 



860 
EXT TOOTH 



FIG. 2V 



(84) 



#^¥8-5 08 1 74 



[ ffl 2 3 



2000 

CUBIC SPLINE' 
ROUTINE 
ENTRY 
POINT 



2100 

CIRCLE 
CONVERSION 
ENTRY 

POINT 



2105 

FOR N DATA POINTS: 




J=1 



2005 

EXECUTE CUBIC SPLINE ROUTINE 
AND IDENTIFY DATA POINT FILE 



I 



2010 

DECLARE SUBROUTINES 
AND DIMENSION ARRAYS 



2015 

READ DATA FILE AND 
ARRAY AS X-Y POINTS 



2020 

DEFINE FIRST DATA POINT AS ORIGIN 0,0; 
SET ALL OTHER POINTS RELATIVE TO 0,0 



I 



2025 

COMPUTE SLOPES OF THE CUBIC SPUNE 
A) COMPUTE COEFFICIENTS OF PARABOLA 

B) FILL FIRST SLOPE ARRAY POINT 
C) FILL INTERMEDIATE ARRAY POINTS 

D) FILL FINAL SLOPE ARRAY POINT 



2030 

COMPUTE SPLINE COEFFICIENTS 



2035 

EVALUATE POLYNOMIAL 




CALCULATE 

<A) LIME FROM POINT J TO J+1 

(B) INTERSECTION OF 

TANGENTS TO POINTS 

(C) UNE PERPENDICULAR 
TO (A) AND (B) 

(D) CENTERS OF CIRCLES = 
INTERSECTIONS OF LINES 
NORMAL TO POINTS AND (C) 



CALCULATE: 

(E) ANGLES BETWEEN POINTS 
AND (C) ABOUT (D) 

(F) ARC LENGTHS 

(G) INTERSECTION OF (D) ON (C) 




2045 

CALCULATE POINTS AT SMALL INCREMENT 
ON EACH SIDE OF ORIGINAL DATA POINT 



2050 

CALCULATE SLOPES AT POINTS ON 
EACH SIDE OF ORIGINAL DATA POINTS 



2055 

SOLVE QUADRATIC EQUATIONS, CALCULATE 
RADII, ARC LENGTHS, RUNNING ARC LENGTH 



(A) IF OFFSET REQUIRED, 
EXPAND SEGMENT 



± 



(B) PLACE MESIAL CONTACT 

PONT ON ARCH 

(C) CIRCLE (B) AT TOOTH WIDTH 

(D) PLACE DISTAL CONTACT WHERE 

ARCH INTERSECTS (C) 

(E) CIRCLE (B) AT 1/2 WIDTH 

(F) PLACE TOOTH CENTE R WHERE 
ARCH INTERSECTS (E) 



NEXT TOOTH 




FIG. 2W 
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302 

CREATE 
MAIN CNC 
PROGRAM 



(RS-274) 

1) ERASE PRIOR 
PROGRAM AND SET 

MACHINE TOOL TO 
INITIAL POSITION: 

lUlUUHIHUI 

GOO G90 G98 XO.O 
Y1 .0 20.0 CO.O 
M03 

GOO G99 C180 



2] POSITION FOR 
LOWER SECOND AND 
FIRST BICUSPID P 
CODE EXECUTION: 

G90 GOO X-4.5 
Y0.300 

P0101 

G90 X-3.5000 
P0201 

G90 X-2.5000 
(CONTINUE 
THROUGH P CODE 
NUMBER 10) 

P0801 

G90 X3.5000 
P0901 

G90 X4.5000 
P1001 



3026 

3) MOVE CUTTER 
FOR FIXTURE 
CLEARANCE AND 
POSITION FIXTURE 
FOR CHANGE TO 
UPPER BRACKETS; 
TURN OFF CUTTER 
AND PAUSE 
PROGRAM: 

GOO G90 G98 Y1 

M05 

XO. C50. 
M01 



4) CONTINUE UPON 
COMMAND, ROTATE 
FIXTURE AND 
PRESENT 
WORKPIECE TO 
CUTTER: 
M03 

GOO G99 C-1 80. 



5) POSITION FOR UPPER 
SECOND AND FIRST 
BICUSPID P CODE 
EXECUTION: 

G90 GOO X-4.5 Y. 150 
P1101 

G90 X-3.5000 
P1201 

CONTINUE THROUGH P 
CODE NUMBER 20 

G90 X3.500 

P1901 

G90 X4.500 
P2001 



6) MOVE CUTTER FOR 
FIXTURE CLIARANCE AND 
POSITION FIXTURE FOR 
PLATE REMOVAL; TURN 
OFF CUTTER AND STOP 
PROGRAM AND REWIND 
TO TOP OF PROGRAM: 

GOO G90 G98 XO.O 
Y1 .Z0.0 

C50. 

M05 

M30 



FIG. 2X-1 
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3025 

CREATE 
MAIN CNC 

PROGRAI 



(RS-274) 

1) ERASE PRIOR 
PROGRAM AND SET 
MACHINE TOOL TO 
INITIAL POSITION: 

imifiiimmi 

GOO G90 G9B XO.O 
Y1 .0 ZO.O CO.O 
M03 

GOO G99C180 



2) POSITION FOR 
LOWER SECOND AND 
FIRST BICUSPID P 
CODE EXECUTION: 

G90 GOO X-4.5 
Y0.300 

P0101 

G90 X-3.5000 
P0201 

G90 X-2.5000 
(CONTINUE 
THROUGH P CODE 
NUMBER 10) 

P0801 

G90 X3.5000 
P0901 

G90 X4.5000 
P1001 



3026 

3) MOVE CUTTER 
FOR FIXTURE 
CLEARANCE AND 
POSITION FIXTURE 
FOR CHANGE TO 
UPPER BRACKETS; 
TURN OFF CUTTER 
AND PAUSE 
PROGRAM: 

GOO G90 G98 Y1 . 

M05 

XO. C50. 
M01 



4) CONTINUE UPON 
COMMAND, ROTATE 
FIXTURE AND 
PRESENT 
WORKPIECE TO 
CUTTER: 

M03 

GOO G99 C-180. 



5) POSITION FOR UPPER 
SECOND AND FIRST 
BICUSPID P CODE 
EXECUTION: 

G90 GOO X-4.5 Y.150 

P1101 

G90 X-3.5000 
P1201 

CONTINUE THROUGH P 
CODE NUMBER 20 

G90 X3.500 

P1901 

G90 X4.500 
P2Q01 



6) MOVE CUTTER FOR 

FIXTURE CLIARANCE AND 
POSITION FIXTURE FOR 
PLATE REMOVAL; TURN 
OFF CUTTER AND STOP 
PROGRAM AND REWIND 
TO TOP OF PROGRAM: 

GOO G90 G98 XO.O 
Y1 .Z0.0 

C50. 
M05 
M30 



FIG. 2X-1 
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F[ G . 2X-2 

303 9 CALCULATE VARIABLES FOR EACH BRACKET: 

TmDTta<0. THEN: 
IYPT=(-1 )*(BW(BO-TWR)); 

BI3=IYPT/C0S(ThtaRad)+eLAN/tan(ThtaRad): 

bL5=fc/sin(ThtaRad); 
ml5=tan(ThtaRad - PI/2); 
ML4-ML5; Beta=ThtaRad+atan(bo/fc+bc)); 

D1=((fc+bc) A 2)*(1/2); 

P7x={bL5-bL3)/ML3-ML5); P7y=ML3*P7x+bL3; 
P8x=(D1 *sin(Beta)+twr-bL5)/ML4; 
P8y=D1*sin(Beta)-twr; 
Delx=P8x-P7x; Dely=P8y-P7y; 

LA{DeW2+De\f>) / iM2); 
x=(LA*(cos(ThtaRad)) A 2/(1+(oos(ThtaRad)) A 2); 



WHERE: 

P7x AND P7y = X AND Y 
COORDINATES OF INTER- 
SECTION OF LINE 5 AND LINE 3; 
P8x AND P8y = X AND Y 
COORDINATES OF INTER- 
SECTION OF LINE 5 AND LINE 
PARALLEL TO X AXIS AND 
THROUGH TIE WING IN ROTATED 
POSITION; 

LA=PYTHAGOREAN DISTANCE 
FROM POINT 8 TO POINT 7; 
P9x AND P9y = BOTTOM OF SLOT 
IN X AND Y DIRECTIONS FROM 
CENTER OF FIXTURE ROTATION. 



3032 IF TmpTta>0, THEN: 
IYPT=bw+bo+=twr; 
bL3=IYPT/cos(ThtaRad); 
bL5=fc/sin(ThtaRad)+Elan/tan(ThtaRad); 

ML3=tan(ThtaRad-PI/2) 
ML4=ML5; 

Beta=ThtaRad+atan (bo/f c+bc)); 
D2((fc+bcr2+(IYPT) A 2) A (l /2); 

P 7x=(bL5-bL3))/(ML3-ML5)/ML4; 

P7y=ML3*p7x+bL3; 

p8x=(D1 *sin(Beta)+tw4r=bL5)/ML4; 

P8y=D1*sin(Bela); 

Delx=P8x-P7x; 

Dely=P8y-P7y; 

I^Delx^+Dely^l+tcostThtaRad))^); 
P9x=P7x+x*sin(ThtaRrad); 
P9y= P7y-*cos(ThlaRad) ; 
IF Theta<0 THEN 

IF LOWER TEETH, THEN 

{TtaStrt=Theta; TtaEnd=(-1)ThGta;} 
ELSE {TtaStrt=(-1 )*Ttieta;TtaEnd=Theta;} 




IF LOWER TEETH THEN 

{TtaStrt=Theta; TtaEnd=(-1)*Theta;} 

ELSE {TtaStrt=(-1 )*Theta; 
TtaEnd=Theta;} 

D2=PYTHAGOREAN DISTANCE FROM 

(0,0} TO (fc+bc,IYPT; 
TEMPORARY Theta (TmpTta)=0 
TIE WING RADIUS (twr)=0.010 



T 



3033 SUBTRACT ONE HALF WIRE 
HEIGHT FROM IN-OUT DIMENSION; 

Elan=Elan-0.012 

WHERE: ML3=SLOPE OF Une 3; 

bL3=Y INTERCEPT OF line 3; 
ML5=SLOPE OF LINE 5; 
bL5=Y INTERCEPT OF LINE 5; 
ML4=SLOPE OF LINE 4; 
BETA=ANGLE BETWEEN X AXIS 
AND CENTER OF TIE WING 
(BELOW X AXIS). 



I 



3034 EXTRACT DESIGN DATA 
FOR SECOND BICUSPIDS: 

BCLoLo-L5BCLL BCUpHi=U5BCUH 
BCLoHi=L5BCLH BOUpLo=U5BOUL 
BOLoLo=L5BOLL B0UpHi=U5OUB 
BOLoHi-L5BOLH BWLowr=L5BW 
BCUpLo=U5BCUL BWUppr=U5BW 

WHERE: 

FOR LOWER SECOND BICUSPIDS: 
L5BCLL=BRACKET CONSTANT BELOW X AXIS; 
L5BCLH=BRACKET CONSTANT ABOVE X AXIS; 
L5BOLL=BRACKET OFFSET BELOW X AXIS; 
L5BOLH=BRACKET OFFSET ABOVE X AXIS; 
L5BW=BRACKET WIDTH; 
FOR UPPER SECOND BICUSPIDS: 
U5BCUL=BRACKET CONSTANT BELOW X AXIS; 
U5BCUH=BRACKET CONSTANT ABOVE X AXIS; 
U5BOLL=BRACKET OFFSET BELOW X AXIS; 

U5BOLH=BRACKET OFFSET ABOVE X AXIS 
U5BW=BRACKET WIDTH 



3035 SET ALL 
BRACKETS EXCEPT 

BICUSPIDS TO 
LOWER PROFILE. 
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(kcw\ ASSIGN VARIABLES FOR EACH TOOTH: 
\ry IF TOOTH IS LOWER SECOND BICUSPID: 



bw=L%BW 
Elan=LL2biT 
Theta=LL2biA 

ar=LR5 
fc=FCLo 

IF Elan<=MinBic THEN LOW PROFILE BRACKET & 
LU5=0 

IF Theta<=0 THEN {bc=BCBiLo; bo=-1*BOBiLo} 
ELSE {bc=BCBiHi; bo=BOBiHi} 
ELSE IF Theta<=0 THEN LOW PROFILE BRACKET 

& {BC=I5BCLL; bo=-1*L5BOLL] 

ELSE HIGH PROFILE BRACKET & 

{bc=L5BCLH; bo=L5BOLH}] 



WHERE: 

MinBic=M)NIMUM BICUSPID 

IN-OUT FOR HIGHER 
PROFILE BRACKETS 
bw=BRACKET WIDTH 
Elan=IN-OUT 
Theta=TORQUE (SLOT 
INCLINATION TO PLANE) 
ar=ARCH RADIUS 
LR5=LQWER RADIUS FOR 
SECOND BICUSPID 
fc=FIXTURE CONSTANT 
bo=BRACKET OFFSET 

bc=BRACKET CONSTANT 



3045 TEST FOR NON-ZERO ANGLE: 
IF Thetao 0 THEN: 

ASSIGN UPPER OR LOWER SIGN TO ANGLE: 
LOWER TEETH: TmptTA-(-1)Theta 
UPPER TEETH: TmpTia=Theta 
ThtaRad=RAD(TmpTta) 
TtaStrt=Theta 
TtaEnd=Theta 
P9x = fc+Elan 

P9y=(0.5)*ABS{bD+twr+0.5*bw) 
IF LOWER TEETH: P9v=H)*P9y I 



WHERE: 



ELSE: 



ThtaRad=THETA 
CONVERTED TO 
RADIANS 
P9x AND 

P9y=DISTANCE OF 
BOTTOM OF SLOT IN 

X AND Y DIRECTIONS 
FROM CENTER OF 
FIXTURE ROTATION 



T 



3050 IF TMpTta>0: 

P9x=P7x-x*sin(ThtaRad) 

P9y=P7y+x*cosO~htaRad) 

IF Theta<0 THEN: 

IF C0UNTER<412 THEN 
{TtaStrt=Theta; TtaEnd=(-1)*Theta} 
ELSE {TtaStrt=(-1)*Theta; 

TtaEnd=Theta} 



WHERE: 



IYPT=DISTANCE FROM X AXIS 

TO BRACKET WALL; 

bo=B RACKET OFFSET: 
fc=FIXTURE CONSTANT; 

bc=BRACKET CONSTANT; 
twr=TIE WING RADIUS; 
bw=BRACKET WIDTH; 
D1 =PYTHAGOR E AN DISTANCE 
FROM (0,0) TO {fc+bc,bo) 



i 



3055 PERFORM CALCULATIONS FOR 
TORQUE SLOT ON ARCHWIRE RADIUS: 

z=P9y 

cr=cd/2 

IF bic<=0 THEN: 

NCi=0.35 

NCj=0.0 

ys=P9x+cr 
ELSE: 

NCi=tr*sin(aar) 

nq=tr*cos(arr) 

ys=P9x-tr*( 1 -oos(a rr))+cr 

xs=s-NCi 
XE=S+NCi 



WHERE: 
z = P9y [HEIGHT OF CUTTER 
NEED TO CUT TORQUE 
SLOT INTO BRACKET; 
cd = CUTTER DIAMETER; 
NCi AND NC) = START TO 
CENTER PO NTS FOR ARCH 
RADIUS CUTTER PATH IN i 
AND j DIRECTIONS; 
ys AND xs = y AND x START 
POINTS FOR ARCH RADIUS 
CUTTER PATH; 
xe = x ENDPOINT FOR ARCH 
RADIUS CUTTER PATH 




FIG. 
2X-3 
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(3060) COMBINE NC CODE WITH CALCULATED VALUES AND GENERATE 
Nr-/ INDIVIDUAL TOOTH SUBROUTINES: 

IF TOOTH IS A BICUSPID: 

one$ = "G91 C" + TtaStrt" 
two$ = "G90 GOO X" + *xs" + "Z" + V 
three$ = "Y" +"ys" 

IF TOOTH IS LOWER 2ND BICUSPID 
THEN (FOUR$="G01 x" + "XE" + 
"f6.0"} 

ELSE {FOUR$ = "G01 X +"xe" 
five$ = "gOO Y1 .7" 
six$ = "ZO.O" 

seven$ = "G91 C +"TtaEnd" 



one$="G91 C" + "ThaStrt" 
two$ = "G90 gOO X" + xs + "Z" + "z" 
three$ = "Y" + "ys" 

four$ ■ G02 I" + "NCi" + "J-" + *NCj" + X" + 



"xe" 



five = "gOO U1.7" 
six$ = Z0.0" 

seven$ = "g91 C" + ThaEnd" 



I 



3065 WRITE P-CODE SUBROUTINES 
3066 FOR BICUSPIDS: 

P01 

G91 C-12.52 

G90 GOO X3.B000 Z0.1294 

Y-0.0551 

G01 X-3.2000 

GOO Y0.300 

ZO.O 

G91 C 12.52 
M12 



I 

3067 FOR OTHER TEETH: 
P03 

691 C*9 82 

G90 GOO X-3.0229 Z0.1049 
Y-0.1411 

G02 I0.5229 J-1.4368 X-1.9771 
GOO Y0.300 
ZO.O 

G91 C9.82 
M12 




FIG. 2X-4 
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3200 

ARCH WIRE 
MAKING 
STEP 



321 0 READ ARCHWIRE DATA: 

WIRE ALLOY, 
WIRE CROSS-SECTION 



I 



3215 R£AD ARCHWIRE 
EQUATION, FOR EACH 
CIRCLE SEGMENT: 

RADIUS 
SECTOR LENGTH 
CUMMULATIVE LENGTH 



1 



3220 ADD TERMINAL LEG RADII 
AND SECTOR LENGTH TO PRODUCE 
PARALLEL LEGS + 1/2" STRAIGHT 

SEGMENT 



3025 CALCULATE TERMINAL LEG SPAN| 
J 



3030 READ WIRE PROPERTIES FROM 
WIRE DATA TABLE FOR WIRE ALLOY 
AND CROSS-SECTION 



I 



3235 COMPUTE SLOPES OF CUBIC 
SPLINE DESCRIBING WIRE 

BEHAVIOR 



A 



3240 COMPUTE CUBIC SPLINE 
COEFFICIENTS [FIG. 2W] 



I 



3245 CALCULATE ANVIL LEVER ARM 
AND ANVIL DISPLACEMENT FOR 

GIVEN RADII 



3255 WRITE DATA ARRAY: 
SECTOR LENGTHS, 
LEVER ARM DISPLACEMENTS, 

RADII, 
TERMINAL LEG SPAN 



I 



3260 INITIALISE CONTROLLER: 

mc.init & HD000, & HO 



I 



3265 SET CONTROLLER BASE ADDRESS 

(D000:0000) 



i 



FOR x% = 0 T0 1 

mcjeset x% 
mcsetgain x%, 2 
mc.setpole x%,0 
mcsetzero x%,160 
mcsetcommand x%,0& 
mc.clr.position x% 

mcsetpc x%,C0NTR0L 

NEXTx% 



'reset controller 

!sel digOal filter parameters 



'set command position to zero 
'dear actual position 
turn on servo control 



I 



3270 SET DEFAULT PARAMETERS 

enc% = 8000 
max.vel = 5 

acc - 8 

FOR x% = 0 TO 1 

mcsetmvel x%, max.vel 

mcsetaccel x%, acc 
NEXT x% 



1 



3275 Send Sequential series of 
sector lengths and lever arm 

DISPLACEMENTS TO WIRE MACHINE. 



I 



3280 ZBTO LEVER ARM | 

_ 



3285 INSPECT WIRE: 
READ WIRE LEG LOCATION, 
CONVERT TO NUMERICAL VALUE 
CALCULATE DIFFERENCE OF TERMINAL LEG 
SPAN (DESIGN) AND MEASURED SPAN 



3290 MULTIPLY RADII 
BY CORRECTION 
FACTOR 




FIG. 2Y 
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3515 FOR EACH TOOTH [e.g. LOWER 
LEFT 2nd BICUSPID = LL2Bi], 
FROM DESIGN DATA, READ: 
a) INTERSECTION OF ARCHWIRE PLANE 
WITH TOOTH SURFACE (LL2Bix,LL2Biy); 

b) SLOT IN-OUT DIMENSION (LL2BH0); 

c) BRACKET TYPE (LL2BiBR); 

d) READ LABIAL OR LINGUAL 



3520 FOR EACH BRACKET, 
LOOKUP BRACKET 
THICKNESS (LL2BiBT) 
FOR BRACKET TYPE 



I 



3530 OPEN CNC FILE FOR 

JIG MAKING MACHINE 
CONTROL 



I 



3535 WRITE MAIN 

PROGRAM FOR CNC RLE 
[FIG. 2Z-1] 



3540 IDENTIFY SEQUENTIAL 
FILE CONTAINING BEGINNING 
AND ENDING OBJECT NUMBER 
FOR EACH TOOTH PROFILE PF 



I 



3545 READ CAD FILE CONTAINING 
TOOTH CROSS-SECTION PROFILES 



I 



3550 ENTER ENDMILL DIAMETER 
(ToolRad); MUST BE LESS THAN 
ARCHWIRE SLOT (0.018 OR 0.022) 



I 



3555 DECLARE CONSTANTS: 
(1} DIAMETER OF BLANK (CircRad) 
(2} CLEARANCE OF CUT ON OUTSIDE 

OF JIG (Clear) 
(3) NUMBER OF LOOPS (NumPk)=23) 
(4 LOOP COUNTER (counter)= 1 
(5) P-CODE COUNT (PCount)= 1 



3560 



ADVANCE COUNTERS: 
PCount=PCount+1 
counter=counter+1 



1 



3565 IF COUNTER IS AT LOWER RIGHT 
FIRST MOLAR, ADVANCE TO UPPER 
LEFT SECOND BICUSPID 




3570 

PARTICULAR TOOTH [FIG. 2Z-21 




3605 CREATE ARCHWIRE SLOT TOOL 
PATH [FIG. 2Z-41 



± 



3510 CREATE REFERENCE AND 
ACTUAL TOOL PATHS [FIG. 2Z-5] 



3625 CREATE CNC MACHINE CODE 
AND WRITE RLE TO CUT JIGS 

[FIG.. 2Z-6] 



I 



3630 DELETE THE ORIGINAL INSIDE 
TOOL PATH, BRACKET COMPENSATION 
TOOL PATH, ARCHWIRE TOOL PATH 
AND CLEARANCE TOOL PATH. 



I 



j 



3635 REDISPLAY ALL LINE OBJECTS 
ASSOCIATED WITH THE CNC CUTTER 

PATH. 




3645 SEND CNC CODE TO TOOL 
CONTROLLER AND CUT JIGS. 




FIG. 2Z 
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3535 



WRITE MAIN PROGRAMFOH CNC FILE: 



a) CLEAR & RESET; TOOL TO INITIAL POSITION 

//////////////// 

GOO G90 G98 X0.0 YZO Z2.0 
M03 

G90 GOO X-4.5 Y2.0 

b) CALL LOWER SECOND BICUSPID P-CODE 
AND POSITION FOR FIRST BICUSPID P CODE 

EXECUTION THEN CALL P-CODE ROUTINE: 
P0101 

G90 X-3.5000 

P0201 

CONTINUE THROUGH 

P-CODE #1 0 
G90 X3.5O00 
P0901 

G90 X4.5000 
PI 001 

c) TURN OFF SPINDLE, MOVE CUTTER FOR 
FIXTURE CLEARANCE AND POSITION FIXTURE 

FOR CHANGE TO UPPER BRACKETS AND 

PAUSE: 

M05 

GOO G90 G98 Y2.0 
M01 

d) CONTINUE UPON COMMAND AND PRESENT 

WORKPIECE TO CUTTER: 

MQ3 

G90 GOO X-4.5 Y2.0 
e) CALL UPPER SECOND BICUSPID P-CODE AND 
POSITION FOR FIRST BICUSPID P-CODE 
EXECUTION THEN CALL P-CODE ROUTINE: 

P1101 

G90 X-3.5000 
PP1201 
G90 X-25O0 

CONTINUE THROUGH P-CODE #20: 
G90 X3.5000 
P1901 

G90 X4.5000 
PP2001 

f) TURN OFF SPINDLE, MOVE CUTTER FOR 
FIXTURE CLEARANCE, STOP PROGRAM AND 
REWIND TO TOP OF PROGRAM: 
M05 

GOO G90 G98 Y2.0 
M30 



3570 



IDENTIFY CONSTANTS FOR LOOP: 
BRel=3ASE THICKNESS; TSxJSy ARE 
TOOTH SURFACE INTERSECTION WITH 
ARCHWIRE PLANE; e.g.: 
IF counter = 2, THEN: 
BRel=LL2BBT 
TSx=LL2Blx 
TSydl2Biy 
IF counter =3, THEN: 
BRel=LL1BiBT 
TSx=LL1Bix 
TSy=LL1 Biy 



3575 IDENTIFY TOOTH 
NOMENCLATURE AND POSITION OF 
TOOTH ON SCREEN; e.g.: 
IF counter = 2, THEN: 

xot=3.095; 
yof=0.055; 

ToothNnn$="L-L2 BiCuspid" 



3580 OPEN AND READ 'SEQUENTIAL' 
DATA FILE; OBTAIN BEGINNING AND 
END OBJECT NUMBER. 



3585 SET WINDOW SPECIFICATION; 
MOVE SCREEN COORDINATES SUCH 
THAT PARTICULAR TOOTH PROFILE 
OCCUPIES ENTIRE SCREEN. 




3539 



FIG. 2Z-1 ^xrt 



FIG. 2Z-2 
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CREATE INITIAL INSIDE TOOL PATH (IITP); GENERATE ONE PARALLEL 
LINE LOCATED TOOL RADIUS (ToolRad) INSIDE TOOTH PROFILE LINE. 



I 



3595 CREATE INITIAL BRACKET BASE COMPENSATION TOOL PATH (IBCTP); 

GENERATE ONE PARALLEL LINE LOCATED A DISTANCE EQUAL TO THE 
3RACKET BASE DIMENSION (BRel) MINUS THE TOOL RADIUS OUTSIDE EACh 
LINE REPRESENTING THE TOOTH PROFILE (PR. 



J 



J 



3600 CREATE BRACKET BASE THICKNESS COMPENSATION TOOL PATH: 
(a) CONSTRUCT A LINE ABOVE, PARALLEL TO. AND HALF THE BRACKET PAD 

HEIGHT (BPH) FROM, THE ARCHWIRE PLANE; 
(b) DETERMINE THE LINE SEGMENT ON THE INSIDE TOOL PATH THAT 

INTERSECTS (a); 

(c) DETERMINE THE LINE SEGMENT ON THE BRACKET BASE COMPENSATION 

TOOL PATH THAT INTERSECTS (a); 
(d> CONNECT THE BEGINNING OF (b) WITH THE END OF (c); 

(e) DELETE LINE SEGMENTS BEFORE (b); 
(f) DELETE ALL LINE SEGMENTS AFTER (c); 
(g) ADD A CUTOFF LINE (C0 t ) TO THE BEGINNING OF THE INITIAL BRACKET 

BASE COMPENSATION TOOL PATH; 
(h) ADO A CUT OFF LINE (C0 2 ) TO THE END OF THE INITIAL INSIDE TOOL PATH. 



FIG. 2Z-3 



3604 
EXIT 



3610 



CREATE A REFERENCE CLEARANCE PATH (RCP) OF LINE SEGMENTS 
SPACED 0.080 OUTSIDE EACH LINE SEGMENT OF THE TOOTH PROFILE; 

CENTER JIG BLANK CIRCULAR OUTLINE ON PROFILE; 



3615 PLACE OUTSIDE TOOL PATH BASE ON 

REFERENCE PATH 



3620 CREATE THE ACTUAL TOOL PATH (TP): 
a) FORM END OF LABIAL CUT OFF LINE COUNTERCLOCKWISE, GENERATE A LINEj 
CONGRUENT WITH EACH LINE REPRESENTING THE INSIDE TOOL PATH (ITP), 
THE BRACKET COMPENSATION TOOL PATH (BCTP), THE ARCHWIRE SLOT TOOL 

PATH (ASTP) AND THE CLEARANCE TOOL PATH (CTP); 
(b) FROM END OF THE LABIAL CUT OFF LINE COUNTERCLOCKWISE, GENERATE A 

CIRCLE REPRESENTING THE Enctmilf AT EACH END POINT OF (a). 



FIG. 2Z-5 



3614 
EXIT 
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36 CREATE AN ARCHWIRE SLOT TOOL PATH (ASTP): 

(a) DETERMINE THE DISTANCE FROM THE SURFACE OF THE TOOTH IN THE x 
DIRECTION THAT WILL ALLOW A PLASTIC SHIM TO FIT INTO THE TORQUE SLOT: 

THE DIMENSIONS OF THE SHIM ARE: 

(torque slot width) x 0.085 x 0.100; 
LnEnd=TSx+Elan-0.01 2+0.065-ToolRad 
WHERE: LnEnd=x LOCATION 

Elan = BRACKET In-out (IO) 
(b) CONSTRUCT A LINE ABOVE AND PARALLEL TO THE ARCHWIRE PLANE SUCH 
THAT THE ENDMILL WILL GENERATE A LINE CONGRUENT WITH THE BRACKET 
TORQUE SLOT WALL; THE HEIGHT ABOVE THE ARCHWIRE PLANE IS: 

(torque slot width)/2 - ToolRad; 

(C) DETERMINE THE LINE SEGMENT ON THE BRACKET BASE COMPENSATION 

TOOL PATH THAT INTERSECTS (a); 

(d) DELETE (b); 

(e) CONSTRUCT A LINE BELOW AND PARALLEL TO THE ARCHWIRE PLANE SUCH 
THAT THE ENDMILL WILL GENERATE A LINE CONGRUENT WITH THE BRACKET 

TORQUE SLOT WALL 
THE HEIGHT ABOVE THE ARCHWIRE PLANE IS: 

(torque slot width}/2 - ToolRad. 
(f) DETERMINE THE LINE SEGMENT ON THE BRACKET BASE COMPENSATION 

PATH THAT INTERSECTS (a): 
THIS IS POINT 8: P8x,P8y; 
(g) DELETE (e); 

(h) CONSTRUCT A LINE FROM POINT 1 (P1x,P1y) TO POINT 2 (P1X, LnEnd - 0.001); 

(i) CONSTRCUT A LINE FROM POINT 2 (P1x, LnEnd - 0.001) TO POINT 3 (P1x + 

2.5ToolRad, LnEnd - 0.001 ); 

(j) CONSTRUCT A LINE FROM POINT 3 (P1x + 2.5ToolRad, LnEnd - 0.001) TO POINT 4 

(P1x + 2.5ToolRad, LnEnd); 
(k) CONSTRUCT A LINE FROM POINT 3 (P1x + 2.5ToolRad, LnEnd- 0.001) TO POINT 4 

(P1 x + 2.5ToolRad, LnEnd); 

(I) CONSTRUCT A LINE FROM POINT 5 (P2x - 2.5ToolRad, LnEnd) TO POINT 6 (P2x - 

2.5ToolRad, LnEnd - 0.001); 

(m) CONSTRUCT A LINE FROM POINT 6 {P2x - 2.5T00lRad, LnEnd - 0.001) TO POINT 

7 (P2x, LnEnd - 0.001); 

(n) CONSTRUCT A LINE FROM POINT 7 (P2x, LnEnd - 0.001) TO POINT 8 (Plx,P8v) 



FIG. 2Z-4 
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3625 CREATE A CNC MACHINE CODE AND WRITE IT TO FILE: 
WRITE PCount GENERATED P-CODE ROUTINE NOMENCLATURE TO FILE: 
IF PCount<=9, THEN: { PCount$=str(pcOUNT); 

strext(count$,PCount$,0,1); 
strcat(one$,"PO*,count$); } 
ELSE { d$=str(PCount); 

strext(count$,d$,0,2); 
strcat(one$, l, P u ,count$); } 

WHITE(h1,one$); 

(b) WRITE RAPID TO 0.020 ABOVE WORKPIECE TO FILE: "GOO G90 Z.020"; 

(c) DETERMINE END OF INITIAL LINE AND NAME AS P1x AND P1y; 

(d) DETERMINE STARTING POSITION RELATIVE TO JIG BLANK CENTER: 

GStrtx=P1x-Tooix; 
GStrty=PlY-Tooly; 

strcat(two$,"G00 G91 X',str(GStrtx),"Y",str(GStrty)); 
WRITE(h1,two$); 

(e) CREATING PECKING MOTION TO CLEAR WORKPIECE ENTRANCE: 

WRITE(h1,"G01 G90 Z-.055 F1 .0"); 
WR!TE(h!,"G00 A.020"); 
WRITE[h!,"G01 Z-.055 P1.0"); 

(f) CREATE EACH INCREMENTAL MOVE 

AND WRITE TO FILE: 

i=CutStrt + 1 ; 

WHILE i<= CutEnd do 

{ inqobj(i,10 r Begx,Begy>Endx,Endy); 

P2x=Endx; 
P2y=Endy; 

addobj(40P2x,P2y,ToolRad); 
x=P2x-P1x; 
y=P2y-P1y; 



IF i=CutStrt + 1 THEN 



{ 



five$=""* 

strcat(flve$,"G01 G91 

X" I st^(x),"Y",str(y) l "F1.5 ,l ) 
WRITE(h1 ,1ive$); } 




{ 



fi ve$=" " 

strcat<five$ 1 B X",str(x),'Y",str(y)); 
write(h1 r five$); } 
P1x=P2x; 
P1y=P2y; 

(g) DETERMINE AND CREATE LAST MOVE TO CLOSE LOOP: 

inqobj(CutStrt,10 r Begx,Begy,Endx,Endy); 

addobj(1 0,Endx-.01 ,Endy,Endx+.01 ,Endy); 

addobj(1 0,ENdx.Endy-.01 ,Endx,Endy+.01 ); 

P2x=Endx; 

P2y=Endy; 

x=P2x-P1x; 

y=P2y-P1y; 

six$-'"; 

strcat(six$,"X" 1 str(x), l, Y , ,str(y)); 
WRITE(h1,six$); 

(h) TURN ON ABSOLUTE TO MOVE .500 ABOVE WORKPIECE AND P-CODE: 

WRITE(h1 ,"G00 G90 Z.5"); 
WRITE(hVM12"); 



FIG. 2Z-6 




(96) 



#^¥8-5 08 1 74 



[13] 




FIG. 3 



(97) 



#^¥8-5 08 1 74 



[13] 




(98) 



#^¥8-5 08 1 74 




(99) 



#^¥8-5 08 1 74 



[13] 




(10 0) 



#^¥8-5 08 1 74 



[14 ] 




(10 1) 



#^¥8-5 08 1 74 



[14 ] 



DCR 




(10 2) 



#^¥8-5 08 1 74 



[14 ] 




(10 3) 



^m^8-5 08 174 



[15] 




FIG. 5 



FIG. 5A 




(104) 



#^¥8-5 08 1 74 



[15 ] 




FIG. 5B 



p1x,p1y 



p6x,p6y 




FIG. 5C 



hs, ks 



p2x, p2y 



mn1 




p1x, ply 



p3x, p3y 



FIG. 5D 



(10 5) 



#^¥8-5 08 1 74 



[15] 



XI 5-f>-t?:7>>h No.1 
Ri??V>h Nos.1 and 2 



hs t ks 



p1x, ply 




hi, kl 



p2x, p2y 



FIG. 5E 



xz? ^ 4 y iz ?yyb No. 2 
R-t??V>h Nos.3 and 4 

hs, ks 



hi, kl 




p2x, p2y 



p1x, ply 



FIG. 5F 



^"^-O-fz^V^h No. 3 
R-iz^V>h Nos.5 and 6 



hs, ks 




p2x, p2y 



p1x, ply 



FIG. 5G 



TO ^>1z9/y\- No.4 
P3-b^>N Nos.7 and 8 



hi, kl 




hs, ks 



p2x, p2y 



p1x, ply 



FIG. 5H 




N0.5 

Riz?V>h Nos.9 and 10 



p2x, p2y 




p1x, ply 



x^^yiz^yh No. 6 
R-t??V>h Nos.11 and 12 




p2x, p2y 



p1x, ply 



FIG. 51 



FIG. 5J 



(106) #:JIT8- 5 0 8 1 7 4 

[15] 




FIG. 50 



(10 7) 



#^¥8-5 08 1 74 



[16] 




(108) 



#^¥8-5 08 1 74 




(10 9) 



#^¥8-5 08 1 74 



[16] 




[17] 



(110) 



#^¥8-5 08 1 74 





1.67 X BCH 



(Ill) 



figf8-5 08 174 



[17] 



|££MBCP(Z=MCH)II£(, 'T: 




(112) 



#^¥8-5 08 1 74 



[17] 




MX *M 



[08] 




(113) 



#^¥8-5 08 1 74 



[18] 

U UL- 




FIG.8B 



(114) 



^m^8-5 08 174 



[18] 




FIG. 8F 

ML , 



(115) 



#^¥8-5 08 1 74 



[18] 



FIG. 81 




MXAWP 




FIG. 8G 



FIG. 8H 




(116) 



#^¥8-5 08 1 74 



[09] 




(117) 



#^¥8-5 08 1 74 



[19 ] 




(118) 



#^¥8-5 08 1 74 



[19 ] 




(119) 



#^¥8-5 08 1 74 



[ 



2±L 1 

1=1 J 



INTERNATIONAL SEARCH REPORT 



Inter till Application No 

PCT/US 93/10858 



A . CLASSIFICATION OF SUBJECT MATTER 

IPC 5 A61C7/00 A61C13/O0 



Accenting id international Pattni qiaafKition (iPQ or to toih naacmal jjjawflctjfan and [PC 



0. FIELDS SEARCHED 



Minimum documentation scar died, (clarification system followed by classification symbols) 

IPC 5 A61C 



Documentation searched other than minimum document* a cn to the extent Lhit sacb dcKrumcnts are included in the fields searched 



Electronic data base consul led during ib* intmuptiunaJ search (name of data hast and, where practical* search fprmv uvd) 



C DOCUMENTS CONSIDERED TO BE FLE LEVANT 



Cautery 



CiUitscn of document, with indication, where appropriate, of the relevant puufen 



Rclerantto claim No. 



£P,A.O 502 227 (AMDREIKO) 9 September 1992 



see the whole document 

WO, A, 90 08512 (DOLPHIN IMAGING SYSTEMS) 9 

August 1990 

see the whole document 



1,2.6,9. 

23,29, 

30,33 



1 



J j Further documents ire lined in the ccntinuatiari of box C. 


j^y ""j Patent fanuly members are listed in trntx. 


* Spccui categories or a ted documents ; 

"A* document defining the general stale of the art which is not 
Cgn&tfcrtd Vj trc uf pwlivulai : tic nunc 

*E* earlier document but published on or after the international 
filing. d«lc 

*L* document which may throw tiouhts rai priority dainit} or 
which tt cited to establish the pubii cation date of another 
dudcrii or other special reasar (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior lo ihc international filing d4lc but 

Later than the priority dnte cLaimeii 


T" later document published ailcr the intcmauoftal filing date 
□r priority dale find not in conflict with the application but 
died to understand the pnncipie or theory unoerlyifi c (he 
invention 

Tf documeat of particular nSevancc; the darned im^nCqri 
cannot tie considered novel or cannot be considered to 
involve an inventive step when Ihe document n taken alone 

*Y~ document of pamculflr relevance; the d aimed invention 

cannot he consider**! to involve an inventive step when the 
document is combined with one or more other such docu 
menu, such combination betn^ obvious to a person skilled 

in the arL 

* A* document nwmh« of the same patent family 


Dale of the actual ccciplctiOTi of the international search 

22 February 1994 


Dale of mailing of tbc international search report 

e ^ 53.9** 


Name and mailing address of the ISA 

fcuropean Patent Uflict, HI S PatenUaui 2 
NL - 22»0 HY Rtjsmjk 
Tel. (+11-70) 340-3040, Tx. 11 651 cponl 
Fax: (-31 70) 340 3UJ 6 


Authorized officer 

Vanrunxt, J 



Form PCT/l£A/2l0<t*coft4 thect) (July 



(120) 



#Ji¥8-5 08 1 74 



INTERNATIONAL 5EARCH REPORT 

jomaocm on patent family rocmbai 



Inter mal Application No 

PCT/US 93/10858 



Patent document 
ciwd in search report 



Publication 
date 



Patent family 
rnembcrfs"; 



Publication 
date 



EP-A-0502227 



09-09-92 



NONE 



WO-A-90085I2 



09-08-90 



US-A- 
AU-A- 



5011405 
5097090 



30-04-91 
24-08-90 



Form PC:T,-ISA-2in {pslfnl family inner) (July 1992} 



(12 1) 



#^¥8-5 08 1 74 



(31) «5fc«±3BS-§- 07/973, 965 

(32) f*5fcB 1992£11J? 9 B 

(33) ffi5feffi±3Ill U S ) 

mmjmism^- 07/973, 973 

(32) »5feB 1992^11^ 9 B 

(33) ffi5fe«±3«ll tOT ( U S ) 

(81)t^H E P ( AT , BE, CH, DE, 

DK, ES, FR, GB, GR, IE, IT, LU, M 
C, NL, PT, SE), OA(BF, BJ, CF, CG 
, CI, CM, GA, GN, ML, MR, NE, SN, 
TD, TG), AT, AU, BB, BG, BR, BY, 
CA, CH, CZ, DE, DK, ES, FI, GB, H 
U, JP, KP, KR, KZ, LK, LU, LV, MG 
, MN, MW, NL, NO, NZ, PL, PT, RO, 
RU, SD, SE, SK, UA, VN 

£0 MtSJiV-f W- (40) l/Zj: *) SmmztkM 

tmco^m est t t bzJmb zfxtzmmz^ lx v ^ . 

7*5 / "74 WM^#§IS (38-41) 



